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SUMMARY  PAGE 


THE  PROBLEM 

To  detormtne  the  effects  of  six  ontlmotlon  sickness  drugs,  three  placebos,  and 
secobarbital  on  postural  equilibrium  functions  at  sea  level  and  at  12,f^0  feet  (chamber 
simulated).  These  effects,  as  defined  by  performance  on  a  quantitative  ataxia  test 
battery,  were  Investigated  on  nine  normal  men. 

FINDINGS 

Analysis  of  variance  revealed  that,  relative  to  the  other  drugs  and  placebos,  only 
secobarbital  had  a  deleterious  effect  on  the  performance  skills  studied— both  at  sea  level 
and  at  12,000  feet— whereas  none  of  the  antimotion  sickness  drugs  alone  or  In  combina¬ 
tion  differed  significantly  from  placebos  In  having  such  an  effect  In  either  environment. 
This  finding  was  highly  consistent  and  In  keeping  with  the  known  depressant  effects  of 
secobarbital  on  CNS  activity. 

Among  the  antimotion  sickness  drugs,  only  the  combination  of  d-amphetamlne 
(10  mg)  plus  scopolamine  (0.6  mg)  at  altitude  had  a  significant  enhancing  effect  on 
performance  relative  to  the  reverse  (depressing)  effect  found  at  sea  level . 
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INTRODUCTION 


This  stud/  was  undertaken  to  determine  If  any  significant  Influences  on  postural 
equilibrium  functions  underlying  performance  on  an  ataxia  test  battery  would  be  pro¬ 
duced  by  a  single  dose  cf  a  barbiturate  (secobarbital)  and  of  each  of  several  anti  'otion 
sickness  drugs  such  as  would  be  taken  alone  or  In  combination  to  prevent  acute  motion 
sickness  (24).  Although  motion  sickness  certainly  may  disrupt  performance,  there  Is 
resistance  to  using  antimotion  sickness  drugs  based  on  a  fear  of  their  side  effects. 

Secobarbital  was  Included  In  this  Investigotlon  to  determine  If  Its  known  depressant 
effects  on  the  central  nervous  system  would  show  significant  effect  on  postural  equilib¬ 
rium  functions.  Dependent  upon  the  results,  recommendations  regarding  the  use  of  seco¬ 
barbital  In  relation  to  motion  sickness  might  be  poulble. 

The  battery  of  ataxia  (postural  equilibrium)  tests  was  selected  to  monitor  per¬ 
formance  at  sea  level  and  at  12,000  feet  altitude  simulated  In  an  altitude  chamber.  We 
selected  12,000  feet  because  this  represents  the  maximum  altitude  at  which  unpressurized 
aircraft  can  be  flown  safely  (3,18);  therefore,  any  effects  of  altitude  added  to  that  of  a 
drug  would  be  most  pronounced  under  such  conditions. 

PROCEDURE 


SUBJECTS 

The  subjects  were  nine  healthy  Navy  enlisted  men,  18  to  24  years  or  ago  (Mean: 
19.7  years)  and  with  a  body  weight  of  between  125  and  215  pounds  (Meant  155.3 
pounds),  assigned  to  this  laboratory  as  volunteer  research  subjects  and  selected  on  the 
basis  of  a  comprehensl'/e  medical  (including  audlological  and  vestibular)  evaluation. 
All  were  susceptible  to  motion  sickness  as  determined  by  the  dial  test  on  the  Pensacola 
slow  rotation  room  (14). 

METHOD 

Seven  drugs  were  pulverized  and  each  was  placed  In  Identical  gelatin  capsules, 
as  were  three  Individual  lactose  placebos.  The  drugs  tested,  rheir  dosage,  and  the 
drug  numerical  code  are  shown  In  Table  I.  Each  'drug"  was  presented  once  to  each 
subject  In  each  environment  according  to  the  double  blind  order 'Confounding,  Latln- 
square  schedule*,  shown  In  Table  II.  All  subjects  were  given  the  same  dose  of  each 
drug.  The  numerical  coding  and,  hence,  the  presentation  order  for  each  subject  in 
both  environments  were  identical . 


'*'The  schedule  was  originally  designed  for  a  lO-subject  experiment  (2);  although  appro¬ 
priately  applied  In  the  present  study,  Its  use  with  only  nine  subjects  makes  It  something 
less  than  Latin-square . 
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Table  I 


Ofugi  and  OoMoat  Uwd  at  Sea  Level  and  at  12,000  Feet  Altitude  (Simulated) 


Generic  Name 

Symbol 

Ooie 

Drug 

Numerical 

Code 

icopolamlne 

plui 

ephedrine 

S-E 

0.6  mg 
plui 

50  mg 

1 

placebo  1 

PL1 

250  mg 

2 

dlmenhydrlnote 

DRA 

SO  mg 

3 

placebo  2 

PL2 

250  mg 

4 

placnbo  3 

PL  3 

250  mg 

5 

icopolamlne 

SCO 

0,6  mg 

6 

lecobarbltal 

SEC 

100  mg 

7 

d-amphetamlne 

AMP 

10  mg 

8 

d-amphetamlne 

plul 

icopolamlno 

A-S 

10  mg 
plui 

0,6  mg 

9 

cycllrine 

CYC 

50  mg 

10 

Table  II 

Lotln-Square  Uied  to  Schedule 

1  tlm  Order  of  Drug  Preientotlon  ot  Sea  Level  and  a 

1  Altitude 

Subject 

Number 

Drug  Presentation  Order  (Dayi)* 

1  1 

2 

3 

4 

5 

6  7 

8  9 

10 

2  2 

4 

6 

8 

10 

1  3 

5  7 

9 

3  3 

6 

9 

1 

4 

7  10 

2  5 

8 

4  4 

8 

I 

5 

9 

2  6 

10  3 

7 

5  5 

10 

9 

3 

B  2 

7  1 

6 

6  6 

1 

7 

2 

8 

3  9 

4  10 

5 

7  7 

3 

10 

6 

2 

9  5 

1  8 

4 

8  8 

5 

2 

10 

7 

4  1 

9  6 

3 

9  9 

7 

5 

3 

1 

10  8 

6  4 

2 

*Numbari  tnildv  the  iquare  refei  to  the  drugi  ai  numbered  In  Table  I;  the  firit  column  rep* 
reienti  Da^  1,  and  the  leeond  column  Day  2,  etc. 
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Tha  tasts  wara  admlnlii-arad  about  1  hour  aftar  drug  Intaka.  Tha  quantitativa 
ataxia  tast  battary  has  baan  daicribad  In  datali  pravlously  (9,11).  All  taits  wara  undar- 
takan  whila  iub|acts  wora  hard-tolad  ihoat  and  wara  In  tha  itringant  positiwi  of  arms 
foldad  against  chast,  faat  alignad  haal-to*toa  (tandamly),  with  tha  axcaptlon  of  tha 
Stand  Ona  Lag  Eyas  Closad  tasU,  and  body  aract  or  naarly  aract.  Thay  wara  admlnls- 
tarad  In  tha  following  ordart 

1 .  Sharpanad  Rombarg  (SR):  standing  on  tha  floor  with  ayas  closad  for  60  saconds. 
Maximum  scora  obtalnabla:  240  saconds. 

2.  Walk  Eyas  Open  (Walk  E/O):  walking  5  staps  par  trial  on  a  3/4>lnch»wida 
by  8-foot-long  roll.  Maximum  scora  obtalnabla:  15  staps. 

3.  Stand  Eyas  Opan  (Stand  E/O):  standing  on  tha  3/4-lnch-wlda  rail  for  a  maxi¬ 
mum  of  60  saconds  par  trial.  Maximum  scora  obtcilnabla:  180  saconds. 

4.  Stand  Eyas  Closad  (Stand  E/C):  standing  on  a  2-l/4-lnch-wida  by  30-inch- 
long  rail  for  a  maximum  of  60  saconds  par  trial.  Maximum  scora  obtalnabla:  180  saconds. 

5.  and  6.  Stand  Ona  Lag  Eyas  Closad  (SOLEC-R  and  SOLEC-L):  standing  station¬ 
ary  on  tha  floor  on  aach  lag  for  a  maximum  of  30  saconds  on  any  trial .  Maximum  scora 
obtalnabla:  150  saconds  on  aach  lag. 

7.  Walk  A  Lina  Eyas  Closad  (WALEC)***:  walking  a  distanca  of  12  faat  on  a  lina 
on  tha  floor.  Maximum  scora  obtalnabla:  0  Inchas  (of  daviation  from  tha  llna). 

At  altituda  only  thraa  of  thasa  tasts  wara  odmlnlsterad;  tha  saquanca  of  tasting 
was  1)  SR,  2)  Stand  E/O,  and  3)  Stand  E/C. 

In  tha  Intarast  of  minimizing  laarning  affacts  undar  drug  conditions,  during  savaral 
days  prior  to  tha  axparimant  aach  subfact  was  ratastad  as  oftan  as  nacassary  for  maxim¬ 
izing,  or  plataauing  of,  parformanca  scoras  on  tha  ataxia  battar/. 

Under  drug  conditions  all  subjects  were  tested  once  each  weekday  (Monday 
through  Friday)  during  four  consecutive  weeks;  during  the  first  2-week  period  tasting 
was  at  tha  saa  level  environment.  The  12,000-faet  altitude  was  simulated  In  the  alti¬ 
tude  chamber  at  tha  Naval  Aerospace  Madlcal  Institua,  where  tha  tests  ware  administered 
during  tha  second  2-weok  period. 


^This  subtest  of  tha  battary  has  now  baan  replaced  by  tha  WOFEC  subtast  (10). 


RESULTS 


To  t«it  th«  offocts  of  soo  l«v«i  venus  oltlfudo  and  fhe  ten  drug  categories  (three 
placeL>ot  and  leven  drugs)  three  analyses  of  variance  took  the  form  of  9X2X10  fixed 
design  with  repeated  measures  of  nine  subjects  on  the  last  two  factors.  The  criterion 
measures  were  the  scores  obtained  on  the  three  ataxia  tests  administered  under  sea-level 
and  simulated  altitude  conditions:  SR/  Stand  B/O,  and  Stand  E/C.  Ten  additional 
analyses  of  variance  were  completed  on  the  same  subject  data  to  test  the  simple  effects 
of  the  drugs  at  sea  level  and  at  altitude  (12,000  feet-ilmulated):  three  at  each  level 
on  the  three  ataxia  tests  just  mentioned  and  four  at  sea  level  only  on  the  other  ataxia 
tests  (Walk  E/O/  SOLEC-R/  SOLEC-L,  and  WALEC). 

A  summary  of  the  icsults  of  the  first-mentioned  three  analyses  of  variance  Is  given 
In  Table  III.  The  main  effect  of  sea  level  versus  altitude  (B)  was  found  to  be  significant 
(p  <  .01)  only  In  the  Stand  E/O  test.  The  main  effect  of  drugs  (C)  was  found  to  be 
significant  In  all  three  ataxia  tests.  The  Interaction  effect  of  sea  level  versus  altitude 
by  drugs  (BC)  was  found  to  be  of  marginal  significance  In  the  three  tests. 

As  may  be  noted  In  part  (b),  Stand  E/O/  of  Figure  1/  which  displays  the  Table 
III  results/  the  significant  sea  level  versus  altitude  effect  Indicates  that  performonce  on 
this  test  was  better  at  altitude  (dashed  line  above  solid  line)  than  at  sea  level  across 
the  ten  drugs.  The  significant  effect  of  drugs  within  all  three  ataxia  tests  Indicates  that 
performance  under  at  least  one  of  the  drugs  differed  significantly  from  another  drug  con¬ 
dition.  As  may  be  noted  In  the  figure/  secobarbital  (SEC)  tended  to  have  the  most  de¬ 
leterious  effect  among  the  drugs  both  at  sea  and  altitude  levels.  (A  more  definitive 
analysis  of  differences  between  drugs  was  made  In  the  second  set  of  ten  analyses  of 
variance  at  sea  level  and  at  altitude.)  It  should  also  be  noted  that  performance  at 
altitude  on  all  three  ataxia  tests  was  best  under  the  drug  d-amphetamlne  (AMP)  and 
under  the  combination  d-amphetamlne  plus  scopolamine  {AS),  reaching  In  three  cases 
the  celling  on  the  tests  (perfect  score  by  all  nine  subjects — denoted  by  circles).  The 
moderately  significant  BC  Interactions  aro  Indicated  In  the  figure  by  the  degree  of  non- 
parallel  profiles  (dashed  line  c.f.  solid  line).  Within  (a),  SR/  the  two  profile;  differ 
most  relative  to  the  combination  of  drugs  scopolamine  plus  ephedrine  (S-E),  and  to 
scopolamine  (SCO)  alone.  The  profiles  In  this  cose  cross:  performonce  within  the  alti¬ 
tude  environment  under  S-E  dropped  considerably  below  the  mean  placebo  at  sea  le^'el 
and  then  returned  to  the  celling  under  SCO;  while  within  the  sea  level  environment  the 
converse  was  evident.  Within  part  (h),  Stand  E/O/  the  profiles  do  not  crosi/  but  the 
difference  between  altitude  and  sea  level  under  the  combjnatlon  of  drugs  d-amphetamlne 
plus  scopolamine  (A-S)  was  significantly  greater  (p<  .01)  than  under  any  of  the  other  drugs. 


'^By  using  the  studentized  range  statistic  and  a  method  developed  by  Tukey,  referred  to 
as  a  "honestly  significant  difference"  (hsd)  (23),  comparisons  may  be  made  between  all 
possible  pairs  of  the  16  means  represented  In  each  part  of  Figure  1  with  the  critical  hsd 
differences/  5.1  (.05)  and  5.8(.01)— SE  units  of  the  vertical  axis.  Analogous  critical 
hsd  differences  relative  to  Figures  2  and  3  are:  4.4(.05)  and  5.3(.01). 
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Sea  Levei 
Airitmie  o- 


In  fact,  the  best  Stand  E/0  performance  was  at  altitude  under  A-S  and  the  warst  was  at 
sea  level  under  A-S  and  under  SEC.  Within  part  (c),  Stand  E/C,  the  altitude-level  pro¬ 
file  may  be  seen  to  cross  back  and  forth  over  the  relatively  smooth  sea-level  profile. 
Indicating  that  performance  under  different  drugs  varied  at  altitude  while  remaining 
relatively  the  same  at  sea  level  (except  for  the  drops  under  SCO  and  SEC). 

A  summary  of  the  results  of  the  simple  effect  of  drugs  in  the  set  of  seven  analyses 
of  variance  at  sea  level  and  three  at  altitude  is  given  in  Table  IV.  Performance  under 
the  different  drugs  at  sea  level  was  significantly  different  on  only  four  of  the  ataxia 
tests:  SR  (p<  .005),  Stand  E/C  (p<  .OOt),  Walk  E/O  (p<  .01),  and  SOLEC-L  (p<  .05); 
Figure  2  displays  these  means.  At  altitude  the  performance  differed  significantly  on 
all  throe  of  the  ataxia  tests  used:  SR  (p<  .001), Stand  E/O  (p<  .025),  and  Stand  E/C 
(p<  .025);  Figure  3  displays  these  means. 

Table  IV 

Summary  of  Ten  Analyses  of  Variance — Simple  Effect  of 
Drugs  at  Sea  Level  and  at  Altitude 


Ataxia 

Tests 

MSe* 

SE* 

F9,72 

P< 

MSe 

SE 

F9.72 

P< 

SR 

875.70 

9.8640 

3.43 

.005 

1067.81 

10.8924 

3.72 

.001 

Stand  E/O 

1303.87 

12.0363 

1.67 

.25 

1891.47 

14.4970 

2.60 

.025 

Stand  E/C 

524.76 

7.6359 

3.75 

.001 

1099.92 

11.0545 

2.67 

.025 

Walk  E/O 

0.54 

.2444 

2.75 

.01 

SOLEC-R 

159.34 

4.2076 

1.21 

ns 

SOLEC-L 

440.22 

6.9938 

2.08 

.05 

WALEC 

31.34 

1 .8662 

0.54 

ns 

Statistical  analyses  of  the  simple  effects  of  drugs  using  the  Tukey  procedure  (hsd) 
of  a-posteriori  comparisons  of  all  possible  pairs  of  mean  differences  between  secobar¬ 
bital  and  the  other  seven  drugs  within  those  ataxia  tests  having  significant  F's  (four  at 
sea  level  and  three  at  altitude— Table  IV)  were  made.  The  results  are  given  in  Table  V . 
Secobarbital  (SEC)  was  the  only  drug  found  to  differ  significantly  from  any  other  drug; 

In  six  cases  with  A-S;  In  five  with  PLA,  AMP,  and  DRA;  in  four  with  CYC;  In  two 
with  S-E;  and  once  with  SCO. 
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Drug  efftcti  at  loa  ltvtl  battel  on  Tabit  IV  analysts  of  varlanct.  (Stt 
dtscrlptlon  of  Flgurt  1 .)  Significant  dlfftrtnett  givtn  In  Tabit  V. 
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Tobit  V 


Significant  Dlffsrancei  B«tw««n  Secobarbital  (SEC)  and  Seven  Other  Drugs 
on  Postural  Equilibrium  Functions  at  Sec  Level  and  at  Altitude 


Seo  Level  (Figure  2) 


Altitude  (Figure  3) 
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DISCUSSION 

The  statistically  significant  finding  that  performance  on  only  the  Stand  E/O  test 
at  altitude  was  enhonced  generally,  relative  to  sea  level,  across  drugs  Is  possibly  ex^* 
plained  by  the  fact  that  the  other  two  tests,  SR  and  Stand  E/C,  had  low  ceilings 
(maximum  possible  scores  were  often  reached)  which  precluded  demonstration  of  such 
an  effect.  For  example,  on  the  SR  test  perfect  scores  by  all  nine  subjects  were  attained 
at  altitude  under  three  drugs,  thus  eliminating  any  possible  higher  measurement  Indicating 
enhanced  performance . 

Of  special  Interest,  A-S  was  the  only  drug  that  showed  a  significant  difference 
in  Its  effects  between  seo  level  and  altitude.  This  was  the  depressing  effect  found  at 
sea  level  and  the  enhancing  effect  found  at  altitude  on  Stand  E/O  test  performance 
which  was  not  found  for  either  d*<imphetamtne  or  scopolamine  alone  nor  by  any  other 
drug  alone  or  In  combination.  It  Is  well  known  that  certain  drugs  have  greater  effect 
at  altitude  than  at  sea  level  (7).  The  unusual  nature  of  our  finding,  however,  requires 
crossvalldatlon.  If  obtained,  the  Implications  of  this  finding,  both  practical  and  theo* 
retical,  will  Indeed  remain  a  challenge  worthy  of  further  Investigation,  particularly  In 
view  of  the  greater  protection  afforded  by  this  drug  combination  (A-S)  In  the  prevention 
of  motion  sickness  than  by  any  other  drug  or  drug  combination  Investigated  at  this 
laboratory  (24).  Based  on  present  findings,  only,  the  Implication  Is  that,  under  low-grade 
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hypoxia  condltloni,  tho  offoet  of  A-S  ti  stimulatory,  or  porformanee  onhanelng,  whoroai 
at  MKi  lovol  It  has  a  doprosslng  and,  thoroforo,  an  undoilrablo  effoct. 

Tho  decremontal  effocts  of  secobarbital  on  the  postural  equilibrium  functions 
sampled  by  the  ataxia  test  bottery  were  highly  consistent.  There  was  no  significant 
difference  between  the  effects  of  this  drug  shown  at  seo  level  compared  to  12,000  feet. 
Indicating  no  significant  additive,  synergistic,  nor  antagonistic  Interaction  with  the 
low-grade  hypoxia  condition.  This  finding  that  secobarbital  depressed  performance  Is 
In  keeping  with  the  known  depressant  effects  of  secobarbital  on  CNS  activity  (16,19). 
For  example,  the  debilitating  effects  of  double  the  dosage  of  secobarbital  used  In  this 
study  on  complex  behavior  during  a  simulated  12-hour  flight  at  seo  level  has  been  dem¬ 
onstrated  (19),  In  a  study  of  drug  effects  In  o  simulated  driving  task  (16),  It  was  found 
that  secobarbital  produced  a  prompt,  intense  impairment  of  performance,  which  con¬ 
tinued  throughout  the  remainder  of  the  day,  and  produced  an  Impairment  of  function 
at  least  as  great  as  that  produced  by  alcohol  when  tho  blood  alcohol  concentration  was 
150  mgm  percent.  Thus  the  use  of  secobarbital  for  the  prevention  or  control  of  motion 
sickness  seems  contraindicated. 

The  undesirable  affects  of  secobarbital  shown  In  the  present  study  were  best 
demonstrated  by  the  SR  and  Stand  E/C  lubtests  of  the  ataxia  battery  at  sea  level  and 
by  the  SK  test  at  12,000  feet;  86  percent  of  the  differences  observed  between  seco¬ 
barbital  effects  and  placebo  effects  on  each  of  these  tests  was  statistically  significant. 

At  sea  level,  on  the  SOLEC-L  and  Wolk  E/O  subtests  43  percent  of  the  differences 
between  the  effects  of  secobarbital  and  those  of  the  remaining  drugs  was  statistically 
significant;  however,  the  Stand  E/O,  SOLEC-R,  and  WALEC  subtests  failed  to  show 
any  significant  differences.  On  the  Stand  E/O  and  Stand  E/C  subtests,  at  12,000  feet, 
29  percent  of  the  comparisons  between  secobarbital  and  all  other  drugs  was  statistically 
significant.  In  future  studios  of  drugs,  whose  effects  range  froin  stimulatory  to  depres¬ 
sant,  the  use  of  the  three  ataxia  subtosts,  SR,  Stand  E/O,  and  Stand  E/C,  would  thus 
appear  to  have  the  most  value. 

Placebo  effects  at  sea  and  altitude  levels  did  not  differ  significantly  across  tests. 
To  the  extent  that  the  placebo  (drug  control)  conditions  at  12,000  feet  simulated  alti¬ 
tude  were  representative  of  only  low-grado  hypoxia  conditions,  no  significant  effects 
of  hypoxia  alone  on  the  performance  studied  were  observed.  This  result  Is  generally 
consistent  with  other  studies  that  evaluated  various  aspects  of  psychophyslological 
performance  at  altitudes  and  altitude  equivalents  In  the  neighborhood  of  12,000  feet 
(8, 12,17,18, 20-22) .  At  variance  with  such  general  findings  Is  a  recent  study  that 
revealed  a  significant  increase  In  reaction  time  and  a  significant  decrease  In  movement 
time  from  tea  level  to  7000  feet  and  10,000  feet  (15). 

Comprehensive  studies  have  been  addressed  to  the  problem  of  determining  the 
nature  (primarily  factorial)  of  basic  human  ability  tests  tu  evaluate  the  tests'  sensitivity 
to  a  variety  of  drug  conditions,  and  to  validate  a  test  battery  In  terms  of  Its  predicta¬ 
bility  to  drug  effects  In  the  field  (1,5).  Crucial  to  the  success  of  this  venture  Is  the 
development  of  prototype  military  criterion  tasks,  but  efforts  so  far  expended  have  had 
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